Correlated nutritional assessment data (anthropometric, bioimpedance and biochemical) with computerized tomography (CT) of total, muscle and fat midarm areas. Total body fat and fat-free mass were estimated using bioimpedance. Daily urinary urea and creatinine were also quantified. In all, 28 subjects (13 males, 15 females) were evaluated and, they were clinically divided in obese, malnourished and control subjects. DESIGN: Quantification of total, fat muscle midarm areas by tomography and anthropometry and total body fat and free-fat mass by bioimpedance. RESULTS: CT values were 29% higher for fat area and 4-5% lower for total and muscle midarm areas compared against anthropometric data. The midarm skinfold thickness highly correlated with CT fat midarm area. Total body fat and free-fat mass bioimpedance data showed significant correlation with CT midarm data. Urinary creatinine correlated with CT muscle midarm area. CONCLUSION: Utilization of anthropometry can lead to error estimation of fat and fat-free arm areas and that bioimpedance gives fair correlation between total body and CT midarm measurements.
Introduction
Anthropometry is the most traditional method for body composition assessment, especially because it is inexpensive and of easy manipulation. 1, 2 However, human body anthropometric estimation, as for example, midarm muscle circumference and area are not specific, just because they are based on total midarm circumference and tricipital skinfold thickness. 3, 4 The association of anthropometry with biochemical data increases the sensibility of body composition estimation, since the determination of urinary daily creatinine is closely correlated with muscle mass. 5, 6 Bioimpedance is also used for evaluation of total body fat and fatfree mass. 7, 8 Recently, computerized tomography (CT) has been employed in regional determination of body segments, with precise resolution of fat, muscle and bone area. 9, 10 CT has been used for nutritional assessment, for example, in anorexia, Cushing syndrome 11 and for the evaluation of the proportion of subcutaneous and intra-abdominal fat in obese women. 12, 13 CT can, then, be considered a direct method for the nutritional status assessment and, the objective of the present protocol was to correlate indirect nutritional assessment (anthropometry, biochemical parameters and bioimpedance) data with midarm CT data.
Materials and methods
A total of 28 adult subjects (13 males, 15 females) from the University Hospital of Medical School of Ribeirão Preto-USP, Brazil, participated in this study. The patients were classified as obese, healthy and malnourished of both sexes based on clinical criteria (medical interview and physical examination).
In summary, we classified as obese the subjects whose excess of weight for height, were greater than 150%, as the result of an excessive accumulation of fat in the body. All subjects with weight deficit greater than 30%, secondary to unbalanced or insufficient diet or to defective assimilation or utilization of foods, were classified as having malnutrition. The parameters, abbreviation and units utilized in this study are presented in Table 1 . The study was approved by the Ethical Committee of University Hospital and was conducted in accordance with the Helsinki Declaration.
Anthropometric evaluation
Weight, height, arm length, arm circumference, skinfold thickness (triceps, biceps, suprascapular and suprailiac). From these measurements the total, muscle and fat midarm area; body mass index, arm fat index and midarm muscle circumference, were calculated according to Vannucchi et al. Body weight was measured to the nearest 0.1 kg on a clinical scale, and body height was measured to the nearest centimeter, from subjects without shoes. The half distance from the outer extremity of the scapula to the ulna's olecranon process of the nondominant arm at a 901 angle, was used as the midarm reference point. . The suprailiac skinfold thickness were obtained at a level immediately above the iliac crests, and the subscapular skinfold thickness obtained 1 cm below that of the inferior scapular angle. The sum of the four skinfold thickness was used as an indicator of subcutaneous fatness. Arm fat index calculated as the quotient of triceps skinfold thickness and the squared oleacrom-acromial distance were also estimated. 3 All anthropometric measures were performed by the same investigator.
Biochemical evaluation
Creatinine and urea were determined in 24-h urine by standard methods. 14, 15 Through creatinine measurements, the creatinine/height ratio and the lean body mass were calculated. 3 Bioimpedance determinations were made using a four terminal impedance plethysmograph (RJL Systems, Detroit, MI, USA), with a excitation current (I) of 800 mA at 50 kHz, for measuring body resistance and reactance. Therefore, this method calculates fat in relation to total body composition and fat-free mass. 8 The CT scans were made using a Philips Tomoscan 310 (Philips Medical Systems) with a cycle time of 4.8 s. A slice thickness of 12 mm was used. The subjects nondominant arm was rested on the platform within the gantry and the midarm suspended between two foam rubber blocks, the point utilized was at the same level of the anthropometric measurements. The reconstructed scan were then developed on a Kodak Nuclear Medicine film with a standardization grid superimposed for future computations of midarm areas. The area of each compartment was then determined by planimetry of the computerized tomography film. This method was used to determine total, muscle and fat midarm area in all subjects studied. 16, 17 The statistical procedures utilized simple regression analysis, stepwise multiple regression and one-way analysis of variance (ANOVA) with Tukey's HSD test for multiple comparisons. 18 Data are shown as mean and standard deviation.
Results Table 2 presents the summary of all the anthropometric, bioimpedance, biochemical and CT measurements. All results, through multivariate analyses of variance, were correlated with midarm CT and, the correlation coefficients are shown in Table 3 . The comparisons of midarm area estimated by anthropometry and measured by CT are shown in Table 4 . In general, there were correlations between the CT and anthropometric midarm data, except for the malnourished subjects. When the values were pooled together (obese, malnourished and control), significant correlation were found for all areas from CT and anthropometric midarm. In spite of a good correlation between CT measurements and anthropometric estimation, the values from CT fat area were 29% higher than the anthropometric ones. In the other side, the total and muscle anthropometric areas estimation were 4-5% lower than the CT measurement. To correct these errors, we suggest the utilization of predictive equations for estimation of total, muscle and fat midarm area, Table 5 .
The CT midarm areas also showed good correlations with body bioimpedance data and only muscle CT midarm area correlated with biochemical creatinine urinary data, Table 3 .
The four groups studied (obese, malnourished, controls) were only fully differentiated by the results of midarm circumference and skinfold sum.
Discussion
Results of anthropometric methods have to be analyzed with great care because anthropometric techniques do not have a compartimental specificity and, must be considered in relation to sex, age, race of populations or subject analyzed. 1 Most important of all, the patients anthropometric data, 
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Body computerized tomography of midarm areas AA Jordão et al obese or malnourished, needed to be evaluated against the data from the same patient, before and after the nutritional therapy. Each patient is the control of itself, nevermind the 'standard' values. The number of subjects in this study was small because of the complexity of measurements. It is apparent that there is a considerable error associated with each of the indirect body composition measurement on individual basis, but this error is minimal in the CT method.
The analysis of the present results, shows that some data present better correlation with specific body compartment, for example, measures of skinfold thickness revealed a higher correlation with fat midarm CT area and poor correlation with muscle midarm CT area. Orphanidou et al, 4 compared
CT, skinfold thickness and ultrasound, and showed that the better correlation index was between CT and skinfold thickness, that is similar to the ones found by us. Besides the fact that weight was the only measurement showing good correlation with all midarm areas, it does not discriminate between adipose tissue and lean body mass. The weight has been associated with height measurement, considering the age, because this determination is modified by aging. However, this fact is not valid for malnourished subjects suggesting that the anthropometric method needs corrections to become so reliable as CT.
Whereas the CT method is specific to one body segment, bioimpedance determines whole body composition. The fatfree mass measured by bioimpedance showed good correlation with muscle midarm area, revealing that midarm is reliable to estimate body composition, reflecting fat and fatfree whole body composition.
The results from CT showed variations in arm anatomy, especially in malnourished subjects. Anatomic variations are major explanation for tomographic and anthropometric lack of correlation in the malnourished subjects. In this group, the anthropometric determination of muscle mass circumference was not exact for, at least, two reasons: first, the muscular mass is asymmetric (not circular) and second, anthropometry does not separate muscle from bone area. 16, 17 The bone area has a higher proportion area of midarm muscle area from low weight malnourished patient than from other patients. 17 Comparison of triceps skinfold thickness revealed that the tomographic values were 21-45% higher obtained from anthropometric measurement at the same point. 19 Estimate of the CT fat midarm area may be obtained from triceps anthropometric skinfold thickness, but in obese individuals anthropometric and CT fat midarm area did not correlate. CT results showed that anthropometric estimation values were 29% higher (superestimation) for fat area and low values (underestimation) for total (4%) and muscle midarm area (5%). CT fat measurement showed more fat in women subcutaneous tissue than in men. 17 Equations were constructed to correct midarm areas through the anthropometry, bioimpedance and biochemical parameters. Only one anthropometric data, the body mass index yields the total midarm area extrapolation with small error.
Individual differences between anthropometry and radiographic methods is due to large variations, especially of muscle mass. This indicates different methods to estimate body composition may be not interchangeable. Our results demonstrate that we cannot apply a single anthropometric data for the estimation of fat and muscle midarm composition. We suggest, for example, that the correct value for muscle midarm area can be obtained from the equations presented in Table 5 . In conclusion, the results indicated that there is an error on estimation of body segment composition from anthropometric data, but they are well correlated with CT and bioimpedance ones.
